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ABSTRACT 

The H-Coal" Process i s  a d i r e c t  c a t a l y t i c  hydro1 i q u e f a c t i o n  p rocess  f o r  c o n v e r t i n g  
c o a l  i n t o  h igh-qual  i t y ,  c l e a n  hyd roca rbon  l i q u i d s .  The process has been developed 
and t e s t e d  i n  l a b o r a t o r y  equipment c o n v e r t i n g  up t o  3.5 t o n s  o f  coa l  p e r  day. The 
p rocess  has been sca led  t o  600 t o n s  o f  c o a l  pe r  day i n  t h e  r e c e n t l y - c o n s t r u c t e d  P i l o t  
P l a n t  a t  C a t l e t t s b u r g ,  Kentucky. A c o n t i n u o u s  coa l  feed, 45-day run  process ing 
I l l i n o i s  No. 6 coa l  was s u c c e s s f u l l y  conc luded i n  A p r i l  o f  1981, fo l l owed  b y  a 
131-day t e s t  run  on the  same coa l  completed i n  December of  1981. 

Development work on t h e  H-Coal P rocess  and v a r i a n t s  o f  t h e  p rocess  t o  meet s p e c i f i c  
marke t  requ i remen ts  i s  underway a t  t h e  H R I  RAD Center. Research a c t i v i t i e s  d i r e c t e d  
towards b e t t e r  c a t a l y s t s  and c a t a l y s t  r e g e n e r a t i o n  and a fundamental s t u d y  o f  how 
v a r i o u s  c o a l s  behave i n  t h e  H-Coal P rocess  a r e  p rog ress ing .  

D i s t i l  1 a t e  y i e l d s  and equipment per formance were v e r y  encouraging. F u r t h e r  opera- 
t i o n s  w i t h  Myodak and Ken tucky  c o a l s  a r e  planned. 

HISTORY 

H-Coal" i s  a d i r e c t  c a t a l y t i c  h y d r o l i q u e f a c t i o n  process based on t h e  use o f  an 
e b u l l a t e d - b e d  r e a c t o r  f o r  c o n v e r s i o n  o f  coa l  t o  d e s i r a b l e  c l e a n  l i q u i d s .  The process 
c a n  b e  a l t e r e d  t o  produce a b road  spect rum o f  hydrocarbon l i q u i d s  rang ing  from an 
a l l  - d i s t i l l a t e  syn fue l  t o  a l ow-su l  f u r  f u e l  o i l .  

The H-Coal Process, a m o d i f i c a t i o n  o f  t h e  H - O i l "  Process, was i n v e n t e d  b y  H R I  and has 
been under  development s i n c e  1963. About  twen ty  coa l  t ypes  have been t e s t e d  i n  over 
60,000 hours  o f  o p e r a t i o n .  Development and demons t ra t i on  have been c a r r i e d  ou t  i n  
bench-sca le  u n i t s  p rocess ing  about  25 pounds o f  coa l  p e r  day, i n  a PDU o f  3.5 tons '  
c o a l  c a p a c i t y  and i n  a P i l o t  P l a n t  des igned  t o  process up t o  600 t o n s  o f  coa l  per  
day. The bench-scale u n i t s  s e r v e  as t h e  p r i m a r y  research  and development t o o l  f o r  
k i n e t i c s  and p rocess  improvement s t u d i e s ,  c a t a l y s t  and coa l  e v a l u a t i o n s ,  and staged 
p rocess ing .  The PDU has been used t o  c o n f i r m  t h e  des ign  bases, o p e r a t i n g  c o n d i t i o n s ,  
and modes o f  o p e r a t i o n  f o r  t h e  P i l o t  P l a n t ,  t o  produce l a r g e  q u a n t i t i e s  o f  p roduc ts  
f o r  e v a l u a t i o n ,  and t o  deve lop  and t e s t  s p e c i a l i z e d  equipment. Large-scale 
demons t ra t i on  o f  t h e  a b i l i t y  t o  p rocess  d i f f e r e n t  coa ls ,  t h e  t e s t i n g  o f  commercial - 
s i z e  equipment, and p r o d u c t i o n  o f  l a r g e  q u a n t i t i e s  o f  p r o d u c t  f o r  f u l l - s c a l e  eva- 
l u a t i o n  a r e  accomplished a t  t h e  P i l o t  P l a n t  i n  Kentucky. 

I l l i n o i s  No. 6 c o a l  i s  c u r r e n t l y  b e i n g  processed a t  t h e  P i l o t  P l a n t .  F o l l o w i n g  the 
e v a l u a t i o n s  o f  I 1  1 i n o i s  and Ken tucky  c o a l s  i n  1981, an extended o p e r a t i o n  i s  planned 
o n  a subbi tuminous Wyodak coa l .  Data developed on equipment performance and process 
o b s e r v a t i o n s  w i l l  b e  used f o r  t h e  d e s i g n  o f  f u l l - s c a l e  commercial H-Coal p l a n t s .  A 
commercial H-Coal p l a n t  s l a t e d  f o r  e r e c t i o n  i n  B r e c k i n r i d g e ,  Kentucky i s  no* be ing 
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designed b y  Ashland S y n t h e t i c  Fuels ,  Bech te l ,  and H R I  under  t h e  sponsorship of t h e  
Department o f  Energy. 

Research and development i s  c o n t i n u i n g  a t  H R I ’ s  Research and Development Center  i n  
New Je rsey  and a t  H-Coal p a r t i c i p a n t  l a b o r a t o r i e s .  C u r r e n t  s t u d i e s  a r e  d i r e c t e d  
towards t h e  development o f  new c a t a l y s t s ,  c a t a l y s t  r e g e n e r a t i o n ,  dnd mu1 t i p l e - s t a g e  
p rocess ing  o f  h igh -oxygen-con ten t  coa ls .  Model ing o f  t h e  e b u l l a t e d  bed i s  d i r e c t e d  
towards improv ing i t s  d e s i g n  and performance. M i c r o a u t o c l  ave s t u d i e s  a r e  underway t o  
improve our  unders tand ing  of  t h e  thermal  and c a t a l y t i c  b e h a v i o r  o f  v a r i o u s  c o a l s  i n  
t h e  H-Coal Process. E n g i n e e r i n g  s t u d i e s ,  u s i n g  1 i n e a r  programming t o  o p t i m i z e  pro-  

1 Cess c o n f i g u r a t i o n ,  o p e r a t i n g  c o n d i t i o n s ,  and p r o d u c t  o p t i o n s  f o r  a complete coal  
l i q u e f a c t i o n  p l a n t ,  a r e  b e i n g  conducted a t  H R I ’ s  Process E n g i n e e r i n g  F a c i l i t y  i n  
L a w r e n c e v i l l e ,  New Jersey.  R e s u l t s  a r e  be ing  used t o  g u i d e  exper imen ta l  work and t o  

, a i d  i n  t h e  p l a n n i n g  o f  commercial p l a n t s .  

’ The c u r r e n t  sponsors, a long  w i t h  D y n a l e c t r o n  Corpo ra t i on ,  H R I ’ s  p a r e n t  company, a r e  
t h e  u. S. Department o f  Energy, Ashland O i l ,  Inc., The E l e c t r i c  Power Research 
I n s t i t u t e ,  Standard O i l  Company o f  I nd iana ,  Conoco Coal Development Company, FEobil 
O i l  Co rpo ra t i on ,  The Commonwealth o f  Kentucky, and Ruhrkohle,  AG o f  West Germany. 

O the r  commercial p r o j e c t s  a r e  i n  t h e  p l a n n i n g  Stage. 

k 

H -COAL” PROCESS 

The H-Coal Process i s  based on t h e  ebu l l a ted -bed  r e a c t o r ,  a l i q u i d - g a s  f l u i d i z e d  bed 
o f  c a t a l y s t .  The r e a c t o r  ope ra tes  a t  r e l a t i v e l y  h i g h  temperatures and p ressu res  wi th 
sma l l  amounts of  c a t a l y s t  added and removed d a i l y ,  o r  as r e q u i r e d ,  t o  m a i n t a i n  a 
d e s i r e d  s t a t e  o f  a c t i v i t y .  An aluminum-oxide-based c a t a l y s t  e x t r u d a t e  w i t h  c o b a l t  o r  
n i c k e l  and molybdenum promoters i s  c u r r e n t l y  b e i n g  used f o r  c o a l  l i q u e f a c t i o n  - 

Suppor t  - Aluminum Ox ide  
Promotor s - C o b  and N i b  
D i am e t e  r - 1.4 t o  1.7 MM 
Leng th  - 1.8 t o  10 MM 
D e n s i t y  - 0.55 t o  0.75 
Pore  D i s t r i b u t i o n  - Bimodal 
Pore Size,  Average - 50 and 130 8 

T h i s  c a t a l y s t ,  w i t h  a h i g h  sur face a r e  i s  c o n s i d e r a b l y  more a c t i v e  than  any  n a t u r -  
a l l y - o c c u r r i n g ,  d i s p o s a b l e  cata1yst.(la). ( F i g u r e  1) .  The e b u l l a t e d - b e d  r e a c t o r  i s  
c o m p l e t e l y  backmixed and opera tes  a t  near  i so the rma l  c o n d i t i o n s .  

A schematic o f  t h e  H-Coal Process i s  shown i n  F i g u r e  2. Heavy d i s t i l l a t e  and h igh -  
b o i l i n g  r e s i d u a l  o i l s  a r e  r e c y c l e d  i n  t h e  syncrude and b o i l e r - f u e l  modes t o  o p t i m i z e  
c o n v e r s i o n  and heteroatom removal. Hydroc lones p a r t i a l l y  remove sol i d s  from t h e  
heavy r e c y c l e  o i l s .  F u r t h e r  o i l  r e c o v e r y  and s o l i d s  c o n c e n t r a t i o n  a r e  achieved 
t h r o u g h  vacuum d i s t i l l a t i o n  i n  t h e  syncrude mode and b y  s o l v e n t  p r e c i p i t a t i o n  o r  
C r i t i c a l  S o l v e n t  Deashing i n  t h e  f u e l - o i l  mode. By d e f i n i t i o n  and s e l e c t i o n  t h e  
syncrude mode i s  a ba lanced  o p e r a t i o n  and enough bo t toms  a r e  produced to supp ly  t h e  
n e t  hydrogen r e q u i r e d  f o r  coa l  l i q u e f a c t i o n .  The H-Coal Process can a l s o  be operated 
a t  c o n d i t i o n s  y i e l d i n g  l e s s  bot toms and more d i s t i l l a t e  when hydrogen i s  supp l i ed  by 
p a r t i a l  o x i d a t i o n  of  c o a l  and steam re fo rm ing  the gases. The process can a l s o  be 
opera ted  i n  t h e  COIL” mode, u t i l i z i n g  heavy and l o w - c o s t  pe t ro leum f r a c t i o n s  i n  com- 
b i n a t i o n  w i t h  coa l  t o  f u r t h e r  i nc rease  d e s i r a b l e  d i s t i l l a t e  y i e l d s . (  F i g u r e  3 ) .  
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RECENT ACCOMPL ISHKNTS 

P i l o t  P l a n t  

The P i l o t  P l a n t  has  seve ra l  m a j o r  o b j e c t i v e s  which cannot  be met on l a b o r a t o r y  and 
PDU-scale equipment. These a re :  

0 Demonstrate t h e  mechanical o p e r a b i l i t y  and re1 i a b i l  i ty  o f  commercial - sca le  
equipment. 

P r o v i d e  p r o d u c t s  f o r  commercial t e s t i n g  a t  r a t e s  of  100 t o  300 t o n s  p e r  day. 

V e r i f y  y i e l d s  i n  commerc ia l - s i ze  equipment. 

Determine a p p r o p r i a t e  w a t e r i a l  s f o r  c o n s t r u c t i o n .  

0 

@ 

e 

0 E s t a b l i s h  maintenance requ i remen ts  f o r  key i t e m s  o f  equipment. 

More d e t a i l e d  process f l o w  d iagram o f  t h e  P i l o t  P l a n t  a r e  shown i n  F i g u r e  4 and 5. 

The most  i m p o r t a n t  r e c e n t  m i l e s t o n e  met  b y  t h e  H-Coal Process was t h e  success fu l  
comp le t i on ,  on A p r i l  3, 1981, o f  a 45-day, c o n t i n u o u s  coa l  r u n  on I l l i n o i s  No. 6 
B u r n i n  S t a r  coal  a t  t h e  C a t l e t t s b u r g  P i l o t  P l a n t  ope ra ted  b y  Ashland S y n t h e t i c  
Fuels .a2)  ( T a b l e  1). 9,850 t o n s  o f  c o a l  were l i q u e f i e d  a t  an average coa l  feed r a t e  
o f  184 tons lday ,  w i t h  a maximum r a t e  o f  222 tons lday ,  p roduc ing  t h r e e  b a r r e l s  o f  
d i s t i l l a t e  p e r  t o n  d r y  coa l .  The r u n  was v o l u n t a r i l y  shu t  down when a key  hyd roc lone  
f e e d  c o n t r o l  v a l v e  f a i l e d  and r e s t r i c t i o n s  formed i n  t h e  vacuum tower. 

Reac to r  o p e r a t i o n s  #ere smooth and t r o u b l e - f r e e  d u r i n g  t h e  e n t i r e  45 days. The tem- 
p e r a t u r e  drop ac ross  t h e  r e a c t o r  averaged 20°F. C a t a l y s t  was added a t  a r a t e  o f  one 
l b / t o n  o f  d r y  c o a l ;  c a t a l y s t  l o s s e s  t h r o u g h  a t t r i t i o n  were l e s s  than  0.09 l b / t o n  o f  
d r y  coa l  fed. 

Data c o l l e c t e d  f rom t h e  s l u r r y  feed  system showed a u n i f o r m  m i x i n g  o f  t h e  coa l  and 
r e c y c l e d  o i l s ,  and o i l / s o l i d s  r a t i o s  f rom 1.2 t o  1.8. The s l u r r y  feed  pumps and c i r -  
c u l a t i n g  pumps per formed reasonab ly  w e l l  w i t h  feed  pump pack ing  and seal l i v e s  from 
21 t o  45 days. Exper ience  w i t h  t h e  h e l i c a l  c o i l  p r e h e a t e r  was e x c e l l e n t .  The 
p r e s s u r e  d rop  d u r i n g  t h e  run averaged 50 p s i g ,  and t h e  c o i l  was f r e e  of coke and 
e ros ion .  

H i g h  p ressu re  l e tdown  and b l o c k  v a l v e  o p e r a t i o n ,  a ma jo r  problem i n  e a r l y  runs, was 
g r e a t l y  improved. One v a l v e  was on s t ream f o r  23 days and was removed o n l y  when a 
1 i n e  choke f a i l e d .  Hydroc lone e f f i c i e n c i e s  reached 30-40%. No s e r i o u s  e r o s i o n  was 
noted;  however, t h e r e  was some c o r r o s i o n  i n  t h e  atmospher ic  f r a c t i o n a t o r  and t h e  
c o o l i n g  water  system. (See Tab les  2, 3, 5 and F i g u r e  6 ) .  

Another  major  o p e r a t i o n  on I l l i n o i s  No. 6 coa l  was completed December 11, 1981, and 
t h e  d i f f i c u l t i e s  exper ienced  i n  a s i m i l a r  P i l o t  P l a n t  o p e r a t i o n  (Run 6 )  with t h e  con- 
t r o l  o f  r e c y c l e  o i l  i n v e n t o r y  have been solved. The t e s t  o b j e c t i v e s  s e t  b y  the  DOE 
and t h e  H-Coal i n d u s t r i a l  p a r t i c i p a n t s  were met i n  l a t e  1982 upon t h e  c o m p l e t i o n  o f  a 
131-day t e s t  r u n  w i t h  I l l i n o i s  No. 6 c o a l  b e i n g  processed a t  t h e  d e s i g n  c o n d i t i o n s  of  
220 tons/day, 72% o f  t h e  t ime. D u r i n g  t h i s  r u n  t h e  p l a n t  conve r ted  19,200 t o n s  of 
d r i e d  coa l  t o  l ow  s u l f u r  hydrocarbon d i s t i l l a t e  a t  t h r e e  b a r r e l s  o f  o i l  p e r  t o n  of  
d r y  coa l .  A m a j o r  achievement d u r i n g  t h e  r u n  was o b t a i n i n g  d u r a b i l t t y  o f  va l ves  
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o p e r a t i n g  a t  h i g h  temperature and p ressu re  w i t h  e r o s i v e  c o a l ,  ash and o i l  s l u r r i e s .  
One v a l v e  used f o r  l e t -down  s e r v i c e  f rom h i g h  t o  l o w  p r e s s u r e  w i t h  heavy o i l  and 
unconver ted coal  and ash ach ieved  1,245 hours  o f  con t i nuous  s e r v i c e .  

Research and Development Cen te r  

An i m p o r t a n t  run i n  suppor t  o f  t h e  P i l o t  P l a n t ,  i n v o l v i n g  t e s t i n g  a new c a t a l y s t  w i t h  
Wyodak coa l ,  has been s u c c e s s f u l l y  completed. T h i s  run, PDU 10, was conducted i n  the 
3.5 t o n s l d a y  PDU, and i n c l u d e d  46 days o f  syncrude mode opera t i on .  Coal conve rs ion  
above 90% and C4-975"F d i s t i l l a t e  y i e l d s  o f  47-53% on an M4F b a s i s  were achieved. 
( T a b l e  4 ) .  C a t a l y s t  a c t i v i t y  and s o l v e n t  q u a l i t y  reached e q u i l i b r i u m  i n  twen ty  days. 
I n  comparison t o  p r e v i o u s  o p e r a t i o n s ,  t h e  new c a t a l y s t ,  Amocat l A ,  gave improved 
y i e l d s  and lower  hydrogen consumptions w i t h  l ower  o i l  v i s c o s i t i e s .  A c a t a l y s t  t r a c e r  
s t u d y  conducted d u r i n g  t h e  run, w i t h  a s s i s t a n c e  from Sandia Labs, i n d i c a t e d  complete 
m i x i n g  of  t h e  e b u l l a t e d  bed system. ( F i g u r e  7 ) .  I n s p e c t i o n  o f  t h e  u n i t  f o l l o w i n g  the 
r u n  showed complete freedom f r o  ca l c ium-ca rbon  t ype  d e p o s i t s  r e p o r t e d  b y  o t h e r  pro- 
cesso rs  o f  subbituminous coa l  s.y3) 

Ano the r  ma jo r  achievement o f  t h e  H R I  R&D Center  has been t h e  complete r e g e n e r a t i o n  
and a c t i v i t y  recove ry  o f  t h e  H-Coal c a t a l y s t .  P rev ious  r e g e n e r a t i o n  c o n s i s t e d  o f  
ca rbon  b u r n o f f  t o  r e c o v e r  60% o f  t h e  i n i t i a l  c a t a l y s t  a c t i v i t y .  The new techniques 
show t o t a l  recove ry  o f  i n i t i a l  a c t i v i t y  ( F i g u r e  8 ) .  T h i s  f i n d i n g  w i l l  have a s i g n i -  
f i c a n t  impact  on c a t a l y s t  c o s t s  and d i s t i l l a t e  y i e l d s .  The p rocedure  f o r  regenera- 
t i o n  i n v o l v e d  a simp1 e p h y s i c a l  and chemical  t r e a t m e n t  a t  a tmospher ic  c o n d i t i o n s .  

PLANS 

R & D Cen te r  

- 

H R I  p l a n s  t o  c o n t i n u e  t h e  development and demons t ra t i on  o f  c a t a l y s t  r e g e n e r a t i o n  and 
t o  c o n t i n u e  t h e  development o f  new and more s p e c i f i c  H-Coal c a t a l y s t s . ( 4 *  5, Other 
f o r e i g n  and domestic c o a l s  w i l l  be s t u d i e d  and processed. 

F u r t h e r  R&D Center  a c t i v i t y ,  i n v o l v i n g  m u l t i - s t a g e  p r o c e s s i n g  and t h e  use o f  cleaned 
c o a l s  and new c a t a l y s t s ,  i s  i n c l u d e d  i n  a c o n t r a c t  w i t h  DOE e x t e n d i n g  th rough  1982. 

P i l o t  P l a n t  

A t  t h e  P i l o t  P l a n t  i n  C a t l e t t s b u r g ,  o p e r a t i o n  on Wyodak and ano the r  b i t um inous  coal 
w i l l  c o n t i n u e  th rough  1982, f o l l o w e d  b y  a tu rna round  and t h e  p rocess ing  o f  o t h e r  
domest ic  and f o r e i g n  coals .  

Commercial P l a n t  

Work has r e c e n t l y  been completed on t h e  process des ign,  c o s t  e s t i m a t i o n ,  economic 
a n a l y s i s  and env i ronmenta l  assessment f o r  a commercial - s c a l e  H-Coal 1 i q u e f a c t i o n  
p l a n t .  T h i s  p l a n t  i s  t o  be l o c a t e d  i n  B r e c k i n r i d g e  County, Kentucky and i s  designed 
t o  feed  approx ima te l y  22,500 tons /day  of  run-of -mine I l l i n o i s  No. 6 coa l  t o  produce a 
nominal 50,000 b a r r e l s  p e r  day of  hydrocarbon d i s t i l l a t e  products .  ( T a b l e  5 ) .  The 
p l a n t  would be owned and opera ted  b y  a p a r t n e r s h i p  o f  companies headed by Ashland O i l  
Company. C o n s t r u c t i o n  i s  scheduled t o  b e g i n  i n  1983 w i t h  i n i t i a l  p r o d u c t i o n  of  
H-Coal s y n f u e l s  i n  1988. 
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TABLE 1. ANALYSIS OF ILLINOIS No. 6 COAL 

ULTIMTE ANALYSIS 
Carbon 69.66 
Hydrogen 5.10 
N i t r o g e n  1.22 
S u l f u r  3.60 
Ash 10.48 
Oxygen ( d i f f e r e n c e )  9.88 

MINERAL ANALYSIS 
S i  1 i c a  
A1 umina 
F e r r i c  Oxide 
Lime 
S u l f u r  T r i o x i d e  
O t h e r s  
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46.62 
18.95 
19.36 

5.97 
4.26 
7.23 



TABLt 2. H-COAL PILOT PLANT - OPERATING CONDITIONS FOR TYPICAL DAY - 3/27/81 - 3/28/81 

\ A c t u a l  T a r g e t  - -  
Hydrogen Pressure,  p s i  3000 3000 
Reac to r  Temperature, OF 84 5 850 
Coal Feed, Tons/Day 222 21 9 
O i l - t o - S o l  i d  R a t i o  1.65 1.75 
S l u r r y  Feed Rate, Lb/Hr 55,400 
Space V e l o c i t y ,  Lbs  Dry Coa l /H r /F t3  31.6 31.2 
Hydroc l  one r e c y c l  e f low, % o f  s l  u r r y  o i l  47 66 

TABLE 3. H-COAL PILOT PLANT - PRELIMINARY YIELDS* FOR TYPICAL DAY - 3/27/81 - 3/28/81 

c1-c3 
Naphtha (C4-400"F) 
D i s t i l l a t e  (400-975OF) 
Residuum O i l  (975°F') 
Unconver ted Coal 
Ash 
TOTAL 

*Dry Coal B a s i s  

ACTUAL TARGET 
W t .  PERCtNT B B L / m  W t m t N T  B B L / m  

10.96 10.68 
22.71 1.66 18.74 1.40 
23.89 1.46 28.33 1.63 
21.62 0.94 19.00 0.86 

3.47 5.78 
11.22 11.51 

7755 3x3- 

I TABLE 4. H-COAL" PILOT PLANT RUN NO. 8 

OBJECTIVES 

1. Demonstrat ion o f  s o l v e n t  ba lance  d u r i n g  p e r i o d s  o f  coa l  feed. 
2. Demonstrat ion t h a t  s a t i s f a c t o r y  hyd roc lone  e f f i c i e n c i e s  ( 3 0  p e r c e n t )  can be 

3. Opera t i on  o f  t h e  Lean O i l  A b s o r p t i o n  System. 
4. C o n f i r m a t i o n  o f  t h e  y i e l d s  o b t a i n e d  i n  the  Process Development U n i t  Run No. 5. 
5. Accumulat ion o f  e n g i n e e r i n g  data. 

achieved. 

I 
OPERATING CONDITIONS 

Dry Coal Feed Rate 219 T/D 
Space V e l o c i t y  3 1  l b / h r / f t 3  
Average Reactor  Temperature 850°F 
O i l / S o l  i d s  Feed R a t i o  1.75 l b / l b  
Gas F low t o  Reac to r  550,000 SCFH 
Reactor  P ressu re  3,000 p s i g  
I n l e t  Hydrogen P a r t i a l  P ressu re  2,400 p s i g  
Out1 e t  Hydrogen P a r t i a l  P ressu re  1,900 p s i g  
C a t a l y s t  Replacement Rate 1 l b / t o n  d r y  c o a l  f ed  
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TABLE 5. H-COAL PILOT PLANT RUN NO. 8 

RESULTS 

1. So lven t  ba lance  was demonstrated d u r i n g  p e r i o d s  o f  coa l  feed. Dur ing  a four-day 
m a t e r i a l  ba lance,  335 b a r r e l s  o f  s o l v e n t  ( f r a c t i o n a t o r  bo t toms)  were accumulated. 
Approx ima te l y  1,000 b a r r e l s  o f  heavy d i s t i l l a t e  and 5,000 b a r r e l s  o f  l i g h t  
d i s t i l l  a t e  were accumul a t e d  were accumulated d u r i n g  Run No. 8. 

2. S a t i s f a c t o r y  hyd roc lone  e f f i c i e n c i e s  were demonstrated. E f f i c i e n c i e s  as h i g h  as 

3. The Lean O i l  A b s o r p t i o n  System was operated s u c c e s s f u l l y  d u r i n g  Run 8. On-stream 

4. An e x c e l l e n t  m a t e r i a l  ba lance  t e s t  was achieved ove r  a fou r -day  p e r i o d  from 

30 pe rcen t  were achieved. 

t i m e  was a p p r o x i m a t e l y  90 percen t .  

October 29 u n t i l  November 2. P l a n t  c o n d i t i o n s  were s t a b l e ,  and the  y i e l d s  were i n  
agreement w i t h  Process Development U n i t  Run No. 5. 

5. Eng ineer ing  da ta  was o b t a i n e d  f o r  t h e  f o l l o w i n g :  

a. S l u r r y  Mix  System 
b. S1 u r r y  Heater  
c. Vapor L i q u i d  E q u i l i b r i u m  
d. Lean O i l  Absorber  
e. F r a c t i o n a t i o n  
f. Hydrocl one 
g. P a r t i t i o n  C o e f f i c i e n t s  o f  Phenol i n  Hydocarbon and Water 
h. Heat o f  R e a c t i o n  
i. Heat T r a n s f e r  C o e f f i c i e n t s  f o r  C r i t i c a l  Exchangers 
j. C h l o r i d e  D i s t r i b u t i o n  
k .  Bowl M i l l  
1. Coal Weigh Feeder 
m. Letdown Va lve  Program 
n. Cor ros ion  and E r o s i o n  M o n i t o r i n g  
0. Vo lumet r i c  E f f i c i e n c y  o f  S1 u r r y  Charge Pumps 
p. Reduced Exchanger Washwater R a t e s  
q. S l u r r y  V i s c o s i t y  
r. C h a r a c t e r i z a t i o n  o f  S t r i p p e d  Process  Water 
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TABLE 6. COWARISON OF YIELDS - ILLINOIS NO. 6 COAL - RUN NO. 8 

P i l o t  P l a n t  PDU 5 
Tbs/lUU l b  lbs / lOU l b  

Dry Coal B b l / t o n  Dry Coal B b l / t o n  

c1-c3 11.77 10.68 

C4-4OO"F 22.41 1.69 18.74 1.40 

400 -650°F 16.46 0.99 20.37 1.21 

650-975°F 8.81 0.46 7.96 0.41 

Residuum + 
Unconverted Coal 24.70 24.80 - 

TOTAL 3.14 3.02 

TABLE 7. PDU 6 and 10, WYODAK COAL PRODUCT YIELDS 

YIELDS, W 'Z MAF COAL BASIS 

c1-c3 

C4-4OO"F 

400 -97 5" F 

POU 10 

11.2 

24.6 

27.2 

975°F' (Residual  O i l )  11.9 

Coal Conversion, W % 91.5 

Hydrogen Consumption, W % Dry Coal 5.75 
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PDU 6 - 
13.7 

28.0 

20.2 

12.7 

93 

6.25 
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